A recently cloned human cytokine, interleukin-1 1 (IL-ll), has functional similarities to IL-6. We tested the hypothesis that the hematopoietic actions of IL-11 in vitro also resemble those of IL-6. The effect of IL-11 on the cell cycle status of fetal and adult hematopoietic progenitors was assessed using serum-free incubations followed by tritiated thymidine suicide studies. Its effect on clonogenic maturation was assessed by including IL-11, either as a single agent or with subplateau or plateau concentrations of other recombinant cytokines, in cultures that contained neutralizing monoclonal antibodies directed against relevant growth factors. Similar to IL-6, IL-11 resulted in accelerated cycling of fetal colonyforming units-mixed (CFU-MIX), CFU-granulocyte macro-
IL-11, we postulated that IL-11 might induce cycling and clonal maturation of human fetal hematopoietic progenitors and designed experiments to test that hypothesis.
MATERIALS AND METHODS

Subjects.
Bone marrow cells were aspirated from healthy adult volunteers. Fetal blood was obtained by puncture of the umbilical vein at the placental end of the umbilical cord immediately after elective full-term Cesarian section deliveries, without labor. The studies were performed in accordance with protocols approved by the University of Utah Institutional Review Board and informed consent was obtained.
Purified recombinant IL-3, IL-6, granulocyte colony-stimulating factor (G-CSF), and granulocyte-macrophage-CSF (GM-CSF) (R&D Systems, Minneapolis, MN) were produced in Escherichia coli and purified to homogeneity; 2 95% purity as determined by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). Purified recombinant human erythropoietin (Epo; Chugai-Upjohn, Inc, Rosemont, IL) had a specific activity of greater than 3 x lo5 U/mg with a purity of greater than 99.7% by SDS-PAGE. IL-11 was produced by COS-1 cells transfected with IL-11 cDNA as previously described.' Purified recombinant human IL-11 (Genetics Institute, Boston, MA) had a specific activity of 2.5 x 106 U/mL. Antihuman IL-3, antihuman IL-6, and antihuman GM-CSF antibodies were raised in goats immunized with purified recombinant human IL-3, IL-6, and GM-CSF (R&D Systems). At a concentration of 10 pg/mL, anti-IL-3 neutralized approximately 80% of the biologic activity of 1.25 ng/mL of recombinant human IL-3, and did not crossreact with IL-1, IL-2, IL-4, IL-6, tumor necrosis factor (TNF), GM-CSF, or G-CSF, as determined by Western blot or enzyme-linked immunosorbent assay (ELISA). At a concentration of 10 kg/mL, anti-IL-6 neutralized greater than 99% of the biologic activity of 7.5 ng/mL of recombinant human IL-6 and did not crossreact with IL-1, IL-2, IL-4, TNF, GM-CSF, or G-CSF. Anti-GM-CSF neutralized greater than 90% of the biologic activity of 0.5 ng/mL of recombinant human GM-CSF. No crossreactivity with IL-1, IL-2, IL-3, IL-4, IL-6, TNF, or G-CSF was detected by Western blot or ELISA. Anti-IL-11 antibody (Genetics Institute), in a 1:400 dilution, neutralized greater than 99% of biologic activity of 1.76 ng/mL of recombinant IL-11.
Adult and fetal light density cells were preincubated at 37°C and 5% COz, under serum-free conditions, for 3.5 hours. The constituents of the tubes included cx minimal essential medium (cxMEM) (Hyclone, Logan, UT) alone, or MEM with various concentrations (0, 1:2.5 x 104, 1:2.5 X lo3, cDNA-transfected COS-1 cells, or MEM with various concentrations of IL-6 (0.5, 5.0, or 50 ng/mL). The cells were then washed and tritiated thymidine suicide studies were performed according to the methods of Lu et al.' Briefly, each aliquot was split into three tubes. Tritiated thymidine of high specific activity (86 Ci/mmol; Amersham, Arlington Heights, IL) was added to one tube, nontritiated "cold" thymidine (500 pg; Sigma, St Louis, MO) was added to a second, and tritiated thymidine plus "cold" thymidine to a third, for an additional 20 minutes of incubation, agitating every 5 minutes. Cells were then washed twice with ice-cold thymidine (500 Additional studies compared the effects of preincubating progenitor cells with COS-1 cell-derived IL-11 (1:2.5 X lo2 dilution) versus an equivalent concentration of recombinant IL-11 (1 ng/ mL) on tritiated thymidine suicide rate. Studies were performed in the presence and in the absence of neutralizing anti-IL-11 antibody.
Cells were cultured in quadruplicate in 1 mL dishes containing aMEM, 5 x mol/L P-mercaptoethanol (Eastman Chemical Co, Rochester, NY), 30% fetal calf serum )Lg/mL).
Clomgenic cultures.
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(Hyclone), 1% bovine albumin (Sigma), and 1.1% methylcellulose (Sigma). Cells were cultured in the presence of IL-3 (1 ng/mL), GM-CSF (1 ng/mL), and G-CSF (1 ng/mL). Epo (2 U/mL) was added to culture plates after 72 hours of culture. After 14 days, colonies were categorized in situ as CFU-GM colonies if no red blood cell elements were present and the colonies were composed of greater than 50 cells; as CFU-MIX colonies if they contained red tightly clustered elements plus loosely arranged cells; and as BFU-E colonies if they were composed of red tightly clustered, multicentered aggregates.
In other studies, fetal and adult progenitor cells were cultured in the presence of various concentrations of rhIL-11, either alone or in combination with IL-3 (0, 0.1, and 1 ng/mL), IL-6 (0, 0.1, and 1 ng/mL), or GM-CSF (0, 0.1, and 1 ng/mL). For these studies, light density cells were incubated for 90 minutes in plastic flasks at 3TC, after which nonadherent cells were incubated with murine antihuman monocyte (Leu-M5; Becton Dickinson, Mountain View, CA), anti-T lymphocyte (Leu-l and Leu-Sb; Becton Dickinson), and antiglycophorin (kindly provided by Dr Richard Langlois, Lawrence Livermore Laboratori For personal use only. on August 30, 2017. by guest www.bloodjournal.org From 902 SCHIBLER, YANG, AND CHRISTENSEN Table 1 
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RESULTS
Effect of IL-11 on cycling status of hematopoietic progenitors.
Tritiated thymidine suicide rates of fetal CFU-MIX, CFU-GM, and BFU-E increased following preincubation with COS cell derived IL-11 at the intermediate (1: 2.5 x lo4 to 1:2.5 x lo3) dilutions, but not at the lowest (1:2.5 x lo5) or highest ( 2 1:2.5 x lo2) dilutions (Fig 1,  upper panel) . Cycling of adult progenitors did not increase following preincubation with IL-11 at any of the dilutions tested (Fig 1, lower panel) .
As shown in Fig 2, tritiated thymidine suicide rates of hematopoietic progenitors did not differ after preincubation of adult marrow cells with either a mock COS (supernatant of COS cells not transfected with IL-ll), COS cellderived IL-11(1:2.5 x lo2 dilution), or the same quantity of recombinant IL-11 (1 ng/mL). Tritiated thymidine suicide was completely abrogated by including anti-IL-11 antibody during the preincubation period.
When progenitors were preincubated in low concentrations of IL-11(1:2.5 x lo5 dilution) and low concentrations of IL-6 (0.5 ng/mL), the effects on tritiated thymidine suicide rate were additive (Table 1) . For instance, fetal BFU-E preincubated in a low concentration of IL-11 had a tritiated thymidine suicide rate of 14% -C 7%, and fetal BFU-E preincubated in a low concentration of IL-6 had 0% & 0% suicide, but those preincubated in the combination had a 39.4% 2 6.7% suicide rate (P < .05). However, at higher concentrations of IL-11 ( I 1:2.5 x 104 dilution) and IL-6 (I 5.0 ng/mL), no additive effect was observed.
As a single agent, rhIL-11 failed to support clonal development of either fetal or adult CFU-MIX (Table 2 ). However, when combined with IL-6 or GM-CSF, high concentrations (20.1 ng/mL) of IL-11 had an inhibitory effect on fetal CFU-MIX colonies. No inhibitory effect of IL-11 was observed on adult CFU-MIX colony formation.
Similarly, as a single agent, rhIL-11 failed to support clonal development of either fetal or adult CFU-GM (Table 3 ). However, IL-11 had a synergistic effect on adult CFU-GM colony formation when combined with GM-CSF (1.0 ng/mL).
As a single agent, r h I G l l also failed to support clonal development of either fetal or adult BFU-E ( Table 4 ). The inclusion of IL-11 in cultures of fetal cells stimulated with GM-CSF (1.0 ng/mL) resulted in fewer BFU-E colonies than when IL-11 was not added. In contrast to this inhibitory effect on fetal colonies, the inclusion of IL-11 in cultures of adult cells stimulated with GM-CSF resulted in development of more colonies than when IL-11 was not added.
Effect of IL-11 on clonal maturation of progenitors.
DISCUSSION
The present studies were designed to assess the effects of IL-11, a recently cloned human cytokine, on cycling status and clonogenic maturation of human adult and fetal hematopoietic progenitors. Activities previously ascribed to IL-11 include mitogenic activity for T1165 (an IL-Mependent plasmacytoma cell line), stimulation of megakaryocyte colony formation in synergy with IL-3 in murine and human
We observed that, like IL-6, IL-11 increased the tritiated thymidine suicide rate of fetal CFU-MIX, CFU-GM, and BFU-E.6 However, no such effect was observed on progenitors from adults. However, unlike IL-6, IL-11 failed to and induction of cycling of murine stem c e k 5 Table 2 For personal use only. on August 30, 2017. by guest www.bloodjournal.org From
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